This study was carried out to assess the direction of flow of suspended particulate matter in boreholes located within the premises of Micheal Okpara University of Agriculture Umudike (MOUAU) Abia State, Nigeria. Fourteen (14) Vertical Electrical Sounding (VES) were taken in four traverses within the premises and immediate environment of MOUAU. The pattern of groundwater flow within the study locations was deciphered through the use of elevation or hydraulic heads which were determined using Global Positioning System GPS. Water samples were taken from boreholes within the premises of MOUAU and along the banks of Kwa Ibo River bordering the University. The water samples were analysed for physical and chemical properties. Suspended particulate matter and the turbidity were identified and compared to WHO standard. In most well locations, the suspended particulate matters were not sufficient enough to contaminate the ground water except at the CNAS and Zennith bank locations, which have suspended particulate load of 1200g/L and 700mg/L respectively. These high values suggest contamination. Generally, the flow progrades from north to south of the study area. The pattern and distribution of each parameters was contoured using Surfer 8 softwares. The flow pattern and distribution actually shows that the direction of flow of suspended particulate matter at CNAS and Zenith bank is symptomatic of contamination within these indicated positions.
Introduction
The last decade has recorded an exponential need for accurate global groundwater resource assessment that has lead to a vast growing awareness in the area of groundwater development. As a result of these, quantitative description of aquifers has become a vital order to address myriads of hydrogeological problems. Water being a massive ,dynamic flowing body carries with it sometimes contaminants of varying degrees but most suspended particulate matter that are nearly colloidal in nature. Its permeability, transmissivity, aquifer depth, thickness, lateral extent and flow properties etc. are the essential but sometimes elusive factors in successful groundwater development and studies.
SPM is a synonym in earth sciences for suspended Particulate Matter. Suspended Particulate Matter (SPM) is "…sediment carried in suspension by the turbulent components of the fluid or Brownian movement (Wilber 1983) . It is the residue in a well-mixed sample of water that will not pass through a standard, glass fibre (0.45µm) filter. Suspended sediments can also be called, suspended solids or suspended particles. A water body suspended load is a component of total turbidity. Generally, the suspended loads in flowing water consist of grains less than 0.5mm in diameter. The reason for modeling of suspended sediments is that a special distribution of SPM is essential for describing biological processes in coastal waters deriving information on erosion or depositional system estimating water qualities for the community dwellers and to trace dispersion of contaminants which stick on SPM particles.
The objective of this paper is to assess the direction of flow of suspended particulate matter in boreholes located within the premises of MOUAU Umudike, Nigeria. To achieve this objective, characterization of the geological formations within the area through interpretation of geophysical data, hydrogeological analysis for aquifer characteristic and groundwater flow modeling of the area have been carried out.
The Kwa Ibo River watershed is located between latitudes 5°19′ and 5°30′ N and longitude 7°30′ and 7°37′ E. It covers a rectangular area of about 180Km 2 which is bounded by Government College Umuahia, Ariam, Usaka Eleogu and Umuobia Olokoro. More specifically, Michael Okpara University of Agriculture Umudike, can be located at the latitude of 5°28.658′ N -5°29.176′ N and longitude of 7°32.256′ E -7°32.803′ E. The location map of the University can be obtained in Figure 1 . Figure 1 . Map of the study area There are two principal geological formations in the area, the latter are otherwise known as the Benin Formation. The late Tertiary to early Quaternary Benin Formation is most predominant (Mbonu et al., 1991) and uncomformably overlies the Bende-Ameki Formation, with a southwestward dip. The principal geological formations have a comparative groundwater regime. They both have reliable groundwater that can sustain regional borehole production.
Groundwater flow modeling is generally used to define the quantity of groundwater available or direction of dissolved migration. It is also used to define the limit of a capture zone for a contamination recovery well (or well field), or for delineating a water well protection area (or recharge area) for a water supply (Igboekwe & Udoinyang, 2011) .
Substances dissolved or suspended in groundwater reflect its quality. Suspended materials are not transported to a greater extent in most subsurface materials, but it is usually filtered out. In general, groundwater flow is very slow and depends on the permeability (water transmitting ability) of the subsurface materials, as well as the hydraulic gradient (slope of the water-table or pressure gradient for artesian conditions).
Groundwater flow is generally assumed to be governed by the relations expressed in Darcy's Laws and the conservation of mass. Darcy's Law is a derived constitutive equation that describes the flow of a fluid through a porous medium based on the results of experiments on the flow of water through beds of sand (Figure 2 ). It www.ccsenet.org/eer Energy and Environment Research Vol. 2, No. 2; 2012 states that the rate of flow is directly proportional to the drop in vertical elevation between two places in the medium and directly proportional to the distance between them.
( The purpose of a model that simulates transport in groundwater is to compute the concentration of a dissolved chemical species in aquifer at any specified place or time. The theoretical basis for the equation describing solute transport has been well documented in the literature (Bear, 1997; Domenico & Sebwartz, 1998) . Reilly et al. (1987) provide a conceptual framework for analysing and modeling physical solute transport processes in groundwater. The development of mathematical equations that describes the groundwater flow and transport process may be developed from the fundamental principle of conservation of mass of fluid or of solute. Given a representative volume of porous medium, a general equation for conservation of mass for volume mass is expressed as:
Rate of mass inflow -(rate of mass outflow + rate of mass production/consumption) = Rate of mass accumulation (2)
This statement of conservation of mass (or continuity equation) may be combined with a mathematical expression of the relevant process to obtain a different equation describing flow of transport (Bear, 1997; Domenico & Schwartz, 1998; Freeze & Cherry, 1979) .
The rate of flow of water through a porous media is related to the properties of the water, the properties of the porous media and the gradient of the hydraulic head, as represented by Darcy's Law which can be written as;
,
Where: Specific discharge, LT 
Where: Ss is the specific storage, LT -1 , t is the time, are Cartesian coordinates.
An expression similar to Equation (4) may be derived for the two-dimensional areal flow of a homogeneous fluid in a confined aquifer and written as:
Where , is the transmissivity, LT -1 and , , B = Saturated thickness of the aquifer, L S = Coefficient (dimensionless) and W= is the volumetric flux per unit area. When the equation 4 is applied to an unconfined (water table) aquifer system, it must be assumed that the flow is horizontal and equipotential lines are vertical, that the horizontal hydraulic gradient equals the slope of the water table and storage coefficient is equal to specific yield (Sy) (Anderson & Woessner, 1992) .
The velocity of the flowing groundwater will obviously affect the migration and mixing of chemicals dissolved in groundwater. To calculate the actual seepage velocity of groundwater, one must account for the actual cross-section area through which the flow is occurring as follows:
Where V i is the seepage velocity (also commonly called average linear velocity, LT -1 ) s , and Є is the effective porosity of the porous medium.
An equation describing the transport and dispersion of a dissolved chemical in flowing groundwater may be derived from the principle of conservation of mass, equation (2), just as the general flow equation was derived (Bear, 1979; Domenico & Schwartz, 1998; Konikow & Groove, 1977; Igboekwe & Udoinyang, 2011; Reddel & Sunada, 1970) .
A generalized form of the solute transport equation is presented by Groove (1976) , in which terms are incorporated to represent chemical reaction and solute concentration both in the pore fluid and on the solid surfaces as
Where CHEM equals; -for linear equilibrium controlled sorption or ion exchange, ∑ for S chemical rate controlled reaction and or Є for decay and where
, is the coefficient of hydrodynamic dispersion, is the concentration of the solute in the source or sink fluid, is the concentration of the species absorbed on the solid (mass of solute/mass of solid) , is bulky density of the sediment, is the rate of production of the solute in reaction K, is the decay constant (equals to / , (Groove, 1976)) a factor . The transport process thus appears to be "retarded" because of the instantaneous sorption into the porous medium.
www
Materials and Methods
A geophysical survey was conducted in fourteen (14) stations within and close to MOUAU campus Umudike to obtain the vertical electrical sounding (VES) data using the Schlumberger resistivity sounding method. From the sounding, the characteristics of the aquifer in the Kwa Ibo river water shed was establish. Modeling of VES results was done using the RESIST software which is an iterative inversion-modeling program. Analysis of the resulting apparent resistivity versus the half-current electrode separation yielded layered earth models composed of individual layers of specified thickness and apparent resistivity. 11 samples of ground water were collected from the borehole wells located within and the immediate environs of MOUAU and also another set of 11 groundwater samples were obtained from the Kwa Ibo River that runs behind the university campus within the water shed. The river samples were collected at a distance of 100m on the two sides of the river bounding the university community by stratified sampling. The samples were sterilized and analyzed for pH, suspended solids, total dissolved solid, turbidity, electrical conductivity, total solids and temperature using the standard laboratory techniques. Spectrophotometer, HACH sension meter and HACH 44600-00 Conductivity/TDS meter at a temperature of 20° was used. The results are presented in Table 2 . 
Discussion

Groundwater Flow Direction in the Study Area
Hydraulic head or piezometric head is a specific measurement of water pressure above a geodetic datum. It is usually measured as a water surface elevation, expressed in units of length, at the entrance (or bottom) of a piezometer. In an aquifer, it can be calculated from the depth to water in a piezometric well (a specialized water well), and given information of the piezometric elevation and screen depth.
Water entering an unconfined or confined well will stand at a particular level. This level is the hydraulic head and is actually the sum of three components, the pressure head, elevation head and velocity head. Therefore the distribution of hydraulic head through an aquifer system determines where groundwater will flow. Where the hydraulic head is constant, there is no flow. However, if there is a difference in the hydraulic head from the top to the bottom due to draining from the bottom, the water will flow downward, due to difference in heads, also called the hydraulic gradient. To determine the direction of flow of an aquifer in the study area, groundwater level measurement; relative geographic position of the wells and elevation were collected and contoured in map perspectives, (using surfer 8 software), thereby generating groundwater surface maps. The direction of groundwater movement can be understood in the fact that groundwater always flows in the direction of decreasing head. From the vector map (showing direction) for samples collected from Kwa Ibo River (Figure 3) , it can be inferred that the water flows downwards from the river (North) with a higher hydraulic head (elevation) towards the well (south) located within the premises of MOUAU with lower hydraulic head. Similarly, the elevation map/direction of flow from modeling of water samples collected from borehole wells located within the MOUAU campus and its environs indicates that water flows towards the south west direction interacting with the groundwater from the Kwa Iboe River (Figure 4 ).
The movement rate on the other hand is dependent on the hydraulic gradient, which is the change in head per unit distance. It therefore follows from the analogy that the suspended particulate matter flows from the Kwa Ibo River into the borehole water wells located with the premises of Micheal Okpara University of Agriculture (MOUAU) -Umudike. Table 2 shows the magnitude of loaded suspended particles in the borehole water samples analyzed in the laboratory. The suspended particulates in the analyzed borehole water samples ranged from 100 to 1200mg/L with an average value of 414mg/L. Compared with the WHO standard, this pollutant seems to fall within the acceptable WHO standard. The groundwater within the indicated depths and locations in the table does not seem to be polluted. The suspended solids particles from river water samples were also investigated and the result is shown in Table 3 .
Suspended Particulate Matter in Water Samples
The value of the suspended solids analyzed from Kwa Ibo River water samples ranged from 100 to 900 mg/L and the average value was found to be 518mg/L. Based on the flow interaction between the borehole water samples and the Kwa Ibo River samples (clustered arrows in Figures 3 and 4) S, the borehole water seems to be polluted with the highly loaded suspended particles present in the Kwa Ibo River water samples which continually recharges into it. 
Hydrodynamics and Suspended Particulate Matter
Water discharging from the Kwa Iboe River moves in the southward direction towards the wells located within the premises of MOUAU and then rotates towards the west due to coriolis acceleration and moves along the coast.
The data showing the total suspended solids distribution (Table 3 ) reveals that the river discharges an average of 518mg/L total suspended solid concentration towards and into the wells (414mg/L). Measured concentrations of the total solids concentration have been normalized to a mouth particle concentration equal to 909mg/L. The shape and extension of the plume shows the direction of flow towards the southwest, following the water circulation. The value of the total suspended solids obtained during the laboratory analysis is calculated for an average water discharge, and sedimentation increases after flood events when a larger amount of suspended matter is discharged by the river. High values of the total suspended solids are obtained in the vicinity of the river mouth, where the coarse particles are deposited.
Dispersion of Pollutants
The suspended particulate matter from the river is discharged into the borehole wells and the concentration follows the direction of the flow. There is an exchange between the pollutants that can be described in forms of kinetic transfer coefficient. It is assumed that absorption/release reactions are governed by a single reversible reaction. The total solids and the total suspended solid are transported by advection/diffusion process and those attached to the solid phase also settle with the settling velocity corresponding to the particulate class to which they are.
Suggestion on the Control/ Reduction of Suspended Solid Concentration in Groundwater
The suspended solid matter that flow from the kwa Ibo, River into the borehole wells in the university campus can be controlled in order to improve the groundwater quality in the study areas. These can be achieved by the following ways; -Using infiltration practice to promote groundwater recharge, reduce run off peach flow and volume, and lessen the transport of non-point source pollutants to surface water body.
Suspended solids are usually removed via straining by the soil.
Where soil and groundwater conditions are favorable for artificial recharge of groundwater through infiltration basins, a high degree of upgrading can be achieved by allowing partially treated sewage effluent to infiltrate into the soil and move down into the groundwater. The unsaturated or "Vadose" zone then acts as a natural filter and can remove essentially all suspended solids, biodegradable materials etc.
Avoid waste water outfall into to study area.
As much as possible control the flow of sediments and nutrients from the farm into the river.
